We present time-series, high-resolution optical spectroscopy of the eccentric T Tauri binary TWA 3A. Our analysis focuses on variability in the strength and structure of the accretion tracing emission lines Hα and He I 5876Å. We find emission line strengths to display the same orbital-phase dependent behavior found with timeseries photometry, namely, bursts of accretion near periastron passages. Such bursts are in good agreement with numerical simulations of young eccentric binaries. During accretion bursts, the emission of He I 5876Å consistently traces the velocity of the primary star. After removing a model for the system's chromospheric emission, we find the primary star typically emits ∼70% of the He I accretion flux. We interpret this result as evidence for circumbinary accretion streams that preferentially feed the TWA 3A primary. This finding is in contrast to most numerical simulations, which predict the secondary should be the dominant accretor in a binary system. Our results may be consistent with a model in which the precession of an eccentric circumbinary disk gap alternates between preferentially supplying mass to the primary and secondary.
INTRODUCTION
Protoplanetary disks are integral to the formation of lowmass stars and planets. In the case of single stars, a wellestablished paradigm has been developed describing the stardisk interaction (Koenigl 1991; Hartmann et al. 1994 ). In this model, a star's magnetic field truncates the inner regions of the disk, channeling flows of material along magnetic field lines before impacting the stellar surface at their foot points (Shu et al. 1994) . This magnetic accretion scenario has been able to describe many of the observational characteristics of young accreting systems, commonly refereed to as classical T Tauri stars (CTTSs). Much of the theory for stellar evolution in the pre-main-sequence (PMS) phase (e.g., angular momentum evolution; Krishnamurthi et al. 1997 ) and the evolution of disk material (e.g., photoevaporation; Pascucci & Sterzik 2009; Ercolano & Pascucci 2017) are underpinned by this theory of the star-disk interaction (Hartmann et al. 2016) .
Binary systems, however, are a common outcome of star formation (Raghavan et al. 2010; Kraus et al. 2011 ) that can fundamentally alter the canonical star-disk interaction. Departures from the single-star interaction are most significant in cases of short-period systems where orbital resonances are capable of dynamically clearing the central region of disk material on the size scale of the binary orbit (2-3 times the binary semi-major axis a; Artymowicz & Lubow 1994) . In this disk architecture, steady inward flows of disk material are predicted to give way to periodic streams that bridge the gap between a circumbinary disk and the central stars (Artymowicz & Lubow 1996; Günther & Kley 2002; de Val-Borro et al. 2011) .
For binaries with circular orbits, these streams are predicted to occur on the orbital timescale of material at the inner edge of the circumbinary disk, where a buildup of material becomes unstable and falls into the cleared region. These inward flows are predicted to periodically enhance stellar accretion rates on a timescale longer than the binary orbit (e.g., Farris et al. 2014 ).
In the presence of even slight orbital eccentricities, circumbinary streams are predicted every binary orbital period as apastron passages draw in material from the inner edge of the circumbinary disk (Miranda et al. 2017 ). These streams fuel bursts of accretion whose timing and amplitude depend on the binary orbital parameters. In the case of highly eccentric binaries, like TWA 3A (the subject of this study), accretion bursts are predicted near each periastron passage that increase the specific accretion rate by a factor of ∼10 (Muñoz & Lai 2016) . Evidence for such orbit-modulated accretion has been shown in the highly eccentric binaries DQ Tau (e=0.57; Mathieu et al. 1997; Tofflemire et al. 2017a; Muzerolle et al. 2019 ) and TWA 3A (e=0.63; Tofflemire et al. 2017b ) through long-term photometric monitoring. Additionally, DQ Tau has also shown periodic increases in the level of absorption line veiling and Hα luminosity near periastron ). In the lower eccentricity system UZ Tau E (e=0.33; Jensen et al. 2007) , we note that accretion appears more chaotic and not directly tied to the binary orbital period.
While the observations of TWA 3A and DQ Tau provide a fair match to numerical simulations, they bring into question the exact way in which material reaches the stellar surface. In high-resolution hydrodynamic simulations, each star develops a small circumstellar disk that collects incoming stream material. Periastron accretion bursts in this scenario are driven more by tidal torques that each star exerts on its companion's disk rather than from the introduction of new material to their circumstellar disks via streams (Muñoz & Lai 2016 ). Short-period systems (P ≤ 35 d), however, have close periastron passages (∼10 stellar radii) and when considering the disruptive effect stellar magnetic fields have on inner disk material (assumed to truncate material at ∼5R ; Johnstone et al. 2014) , it becomes unlikely that either star hosts a stable circumstellar disk. Under these binary orbital parameters it is uncertain how stream material interacts with the stars and their magnetic fields. No simulations to date have ventured into this domain.
To gain further insight into accretion processes in shortperiod binaries, we have monitored the eccentric, T Tauri binary TWA 3A with high-resolution optical spectroscopy. These observations overlap with the long-term, moderatecadence photometry presented in Tofflemire et al. (2017b) . Our observations focus on ∼3 orbital periods in which we seek to characterize the kinematic properties of accretion during the rise of periastron accretion bursts. We achieve this through the analysis of accretion-tracing emission lines that probe the foot-points of magnetic accretion flows. We also investigate the emission of outflow-tracing lines with respect to variable accretion and orbital motion. These observations, coupled with the wealth of information known about this system, make it a unique setting to constrain the dynamical properties of binary accretion.
THE TWA 3 SYSTEM
In this section we describe the stellar orbits and distribution of disk material in the young, hierarchical triple system TWA 3. Much of following is a summary of the study by Kellogg et al. (2017) , where we highlight their results for the inner binary, TWA 3A.
TWA 3 is a member of the ∼10 Myr TW Hya association (Mamajek 2005) , composed of an inner spectroscopic binary, TWA 3A, and an outer triple companion, TWA 3B, separated by 1. 55. Gaia measurements (Gaia Collaboration et al. 2016 for the A and B components suffer from significant excess astrometric noise, which is common to sources at this magnitude (G ∼ 11) and may be impacted by photometric variability (Lindegren et al. 2018) . We hesitate to overinterpret these data, but note that the parallax distances are consistent for each source, when accounting for systematic noise (following the Bayesian distance estimation in Astraatmadja & Bailer-Jones 2016), and generally agrees with the TWA 3A-3B orbit arcs fit in Kellogg et al. (2017) . Future Gaia data releases will improve these measurements but for the current work, the large separation means that the influence of TWA 3B on the inner binary and its disk material is negligible over the time scales we consider here.
The inner binary, TWA 3A, hosts an extended circumbinary disk with signatures of active accretion (Herczeg et al. 2009; Tofflemire et al. 2017b) . ( A recent non-detection of accretion activity in TWA 3A by Venuti et al. (2019) occurred at an orbital phase of φ=0.23, corresponding to the periodic accretion minimum (see Figure 1 , also Tofflemire et al. 2017b) ). TWA 3B on the other hand, shows no evidence for disk material (Jayawardhana et al. 1999; Andrews et al. 2010 ) and has the spectral properties of a non-accreting, weak-lined T Tauri star (Herczeg & Hillenbrand 2014; Venuti et al. 2019) . Table 1 presents the TWA 3A spectroscopic orbital solution and properties of the circumbinary disk.
The distribution of stars and disk material in this system suggests that multiplicity has influenced the system's evolution. The TWA 3A circumbinary disk has been modeled as having both inner and outer truncations (Andrews et al. 2010) . The inner truncation at ∼0.3 AU is presumably formed by binary orbital resonances and agrees fairly well with the predicted inner disk gap size of 2-3 a (Artymowicz & Lubow 1994) . The outer truncation at a projected radius of ∼20 AU is likely to have been shaped by the triple companion's orbital motion. Even without a well-constrained TWA 3A-3B orbit, the TWA 3A disk radius to companion separation falls within the sample of Taurus binaries observed by Manara et al. (2019) with ALMA, suggesting dynamical truncation. It is additionally unclear what processes led to circumstellar material surrounding one component of the system, TWA 3A, while not the other. +10.17 ± 0.40 (1) e 0.6280 ± 0.0060
References-(1) Kellogg et al. (2017) , (2) a The T peri value presented is 42 orbital periods prior to the value in Kellogg et al. (2017) , placing the earliest archival spectra at an orbital cycle of zero. The error is assumed to be the same.
b Upper limit for both stars, below the instrumental resolution element.
c i has a 180 • ambiguity from unknown line of ascending nodes.
Furthermore, there is evidence that the TWA 3A binary orbital plane may be misaligned from the large-scale circumbinary disk inclination observed by Andrews et al. (2010) . A spatially resolved observation of TWA 3Aa-3Ab with VLTI/PIONIER (Anthonioz et al. 2015) , coupled with the spectroscopic orbital parallax, results in two families of allowed binary inclinations. The first family has small mutual binary-disk inclinations, ψ, which include coplanarity (ψ < 20 • ), while the second includes large mutual inclinations (ψ ∼ 90 • ).
Additional support for a misalignment between the binary and circumbinary disk inclination comes from the mismatch between the dynamical masses assuming disk-binary coplanarity (M 1 =0.6 M ; M 2 =0.5 M ) and the observed luminosities and spectral types (M3-M4.5), which would correspond to ∼0.3 M stars (Herczeg & Hillenbrand 2014) . Even with known systematic offsets in measurements of PMS spectral types (see Gully-Santiago et al. 2017 and references therein) , these measurements disagree considerably. Notably though, both families of possible binary orbital inclinations include those that eliminate this tension.
As this study is aimed at characterizing the interaction between short-period binaries and their inner disk material, the mutual inclination of the binary and disk orbital planes is particularly relevant. Analytic theory and numerical simulations of misaligned binary-disk orbital planes have been developed recently to explain the growing observational evidence for binary-disk misalignment (e.g., KH 15D - Capelo et al. 2012; GG Tau -Cazzoletti et al. 2017; 99 Her -Kennedy et al. 2012 ). In the low-misalignment regime, Juhász & Facchini (2017) find steady-state disk warps that agree with linear wave-propagation theory for misalignments ψ<30 • (Papaloizou & Lin 1995; Lubow & Ogilvie 2000) . In this scenario, the inner part of the circumbinary disk is coplanar with the binary orbit.
For larger misalignments, Martin & Lubow (2017) find that low-mass disks around high-eccentricity binaries can quickly become polar given a large initial misalignment (ψ 40 • ). The result of this process leaves the circumbinary disk's angular momentum vector perpendicular to the binary's, i.e. the apastron passage is directly out of the plane of the circumbinary disk (see Lubow & Martin 2018) . And indeed, a binary with this configuration has recently been discovered (HD 98800; Kennedy et al. 2019) .
Comparing these two possible scenarios in the light of the time-series photometry in Tofflemire et al. (2017b) , we find that the agreement between the observed accretion variability to models of coplanar binary accretion, and also to DQ Tau (a binary with known binary-disk alignment; Czekala et al. 2016) , supports binary orbital inclinations with a modest mutual disk inclination (i.e,. a coplanar inner circumbinary disk).
For the remainder of this work we assume a binary inclination of i binary =44 • (average of the low-mutual inclination solutions) and adopt the following system parameters: stellar masses of 0.37 M and 0.31 M , and a semi-major axis of 39.3 R with periastron and apastron separations of 14.7 and 64.0 R , respectively. We set the radius of the primary and secondary stars to 0.78 and 0.72 R , respectively, from the average of Dotter et al. (2008) stellar evolution models with ages between 5-20 Myr at the corresponding masses. (These adopted parameters and Gaia DR2 updated distance slightly increase the mass accretion rate values presented in Tofflemire et al. (2017b) , which assumed binary-disk coplanarity.)
OBSERVATIONS & DATA REDUCTION
From 2014 May to 2016 April, TWA 3 was the target of a multi-site, time-series monitoring campaign combining multi-color optical photometry and high-resolution optical spectroscopy. To show the relative sequencing of these two campaigns, Figure 1 Network with spectroscopic observations from the Southern African Large Telescope (SALT) High Resolution Spectrograph (HRS) marked with vertical blue bands. Vertical dashed lines denote TWA 3A periastron passages.
The following subsections describe the observations and data reduction methods for SALT-HRS spectroscopy and LCO imaging. A description of archival optical spectra that are also presented in this paper is included below.
SALT-HRS
Located in Sutherland, South Africa, SALT is a fixedelevation telescope with a 10-m class primary mirror (Buckley et al. 2006 ). Observations of TWA 3 were made with the dual-beam, fiber-fed, echelle High-Resolution Spectrograph (HRS; Bramall et al. 2010 Bramall et al. , 2012 . In the mediumresolution mode, a 500 µm (2. 2) fiber is image-sliced into a vertical pseudo-slit providing spectral resolutions up to R ∼ 40,000 across a broad optical wavelength range in separate blue (3700-5500Å) and red (5500-8900Å) arms.
Critically for this study, SALT is queue scheduled, allowing for observations of specific TWA 3A orbital phases spread over multiple orbital periods. Our observing program aimed to detect the rise of the accretion rate towards perias-tron by making targeted observations near apastron passages and at orbital phases leading up to periastron passage. Over 107 days, 15 spectroscopic observations were made spanning ∼3 TWA 3A orbital periods. Each visit consisted of three ∼12 minute integrations with some variability due to the SALT track length. Table 2 presents the heliocentric Julian date of our SALT observations, their corresponding orbital phase, relevant spectroscopic measurements, and the mass accretion rate at the time of the observation (determined from an interpolation of the nearest mass-accretion rate measurements derived from U -band photometry, see Section 3.3).
The reduction of HRS spectroscopy was performed with standard IRAF 1 tasks within a PyRAF script. Reduction steps include basic CCD calibrations (gain correction, over scan subtraction, bias subtraction, and image trimming), spectral flat correction, cosmic ray rejection (van Dokkum 2001), and a scattered light correction. The three target spectra per visit are then extracted and dispersion corrected by a nightly ThAr comparison spectrum before being median combined. Red-arm spectral orders are then combined, weighted by the blaze function.
In the blue arm, many orders do not detect the stellar continuum, or only detect it at the peak of the order's sensitivity. Combining orders becomes problematic in this case where the relative height of emission lines to the continuum (or noise level) is different in adjacent orders. For instance, an emission line in a low-sensitivity region of one order with no detected stellar continuum will have a relative height that is less than the same line in the adjacent order where continuum is detected. Combining these orders would artificially reduce the relative height and EW of the line. For this reason, bluearm orders are not combined and the analysis of spectral lines is done in the order where the line has the highest sensitivity.
We note that with SALT's median seeing of 1. 3 and HRS's 2. 2 fiber, our spectra contain light from TWA 3A and its tertiary companion TWA 3B. In Section 4, we describe our spectral decomposition and procedure to remove the triple's contribution.
HRS Red Arm-Specific Reductions
In the SALT-HRS red arm, two separate distortions of the slit image are present that affect the width of the spectral resolution element across a given order. The first is that the width of the imaged slit is wider (larger FWHM) on the longwavelength side of an order. This effect is minor and we do not correct for it.
The second is that the slit image is tilted by an angle that increases with pixel column (increasing toward the longwavelength edge of the chip). This variable tilt causes significant spectral smearing that increases across the spectral order. This becomes problematic when combining adjacent orders where the resultant line shapes would then depend on the combination of two different spectral resolutions. Sky lines, and their removal are particularly affected, being the width of the resolution element.
In Appendix A we provide a full description of our method for correcting this distortion. In short, we use the emission lines in Th-Ar comparison images to measure the angle of the slit tilt across spectral orders. With multiple lines spanning the spectral order, we map the slit tilt (represented by an emission line's peak across the vertical extent of the order) as a function of the pixel column (dispersion axis) and pixel row (slit axis). For each order, a function is fit to the slit location in each row that is used to perform a transformation along the pixel columns (dispersion axis). This amounts to a stretch or a compression along an individual rows that aligns the slit image to its value at the order's center.
We note that this process involves interpolation which introduces covariance between pixels. This may be relevant in the determination of equivalent width (EW) uncertainties, which is discussed in Section 4.4. Flux conservation can also be a concern during interpolation, but with measures described in Appendix A, flux values are preserved to better than 1% in these transformations.
Archival Spectroscopic Observations
To determine whether the trends observed over the ∼3 orbital periods monitored here are long lasting, we also compile archival observations of TWA 3, which are presented in Kellogg et al. (2017) . Specifically, we make use of FEROS spectra, which have similar wavelength coverage (3600 to 9200Å), spectral resolution (R∼44,000), and orbital phase coverage to our SALT-HRS observations.
FEROS is a fiber-fed echelle spectrograph which was located on the ESO 1.5m telescope in La Silla, Chile during the time of the observations. Between 1999 March and 2000 July, 9 spectra were obtained spanning ∼15 orbital cycles. Table 3 provides a list of the FEROS observation dates, their orbital cycles and phases, and select spectroscopic measurements. For a full description of these data we refer readers to Kellogg et al. (2017) . We note that due to the FEROS 2 fiber, these spectra also contain flux from TWA 3B.
LCO 1m Network
LCO is a network of queue-scheduled telescopes spread across multiple global sites that are able to provide nearcontinuous coverage of the night sky (Brown et al. 2013 ). Observations of TWA 3 made use of three of the southern hemisphere sites hosting 1m telescopes: Siding Springs Observatory (Australia), SAAO (South Africa), CTIO (Chile).
With the goal of detecting fast changes in the binary accretion rate, while establishing the periodicity of periastron accretion bursts, we made observations spanning ∼12 TWA 3A orbital periods with roughly 20 visits per orbit (∼42 hr cadence). Each visit consisted of three images in each of a suite of filters. Only U -band photometry is discussed here; see Tofflemire et al. (2017b) for additional discussion of the BV R photometry. All data are processed by the LCO pipeline, applying bad-pixel, bias, dark, and flat-field corrections.
Here we briefly describe our photometry and calibration schemes, referring interested readers to Tofflemire et al. (2017a,b) for a more thorough discussion. In short, after aligning and median combining the three visit images, source location and photometry are performed with SExtractor (Bertin & Arnouts 1996) providing time-series instrumental magnitudes. These are then input to an ensemble photometry routine following the Honeycutt (1992) formalism. Output differential ensemble magnitudes are then calibrated using non-variable stars in the LCO field-of-view for which empirical or derived photometry exists. From these stars, zero-point and color transformations are derived and applied to all stars in the field. In the U -band we derive an uncertainty of 0.18 mag in the absolute calibration.
U -band photometry presented here is the combined light of the TWA 3 system (i.e. TWA 3A and TWA 3B). Flux from the two components could not be reliably separated at each epoch due to poor seeing and/or telescope focus. A subset of spatially resolved observations has shown TWA 3A to be the source of variability, and this is assumed to be the case throughout these data (Tofflemire et al. 2017b ). Finally, mass-accretion rates are derived from the U -band excess above the combined TWA 3A and 3B photospheric flux. These values represent the combined accretion rate onto TWA 3Aa and TWA 3Ab, assuming both components are accreting at the same rate. Mass accretion rate values are update from Tofflemire et al. (2017b) with the improved distance and stellar parameters listed in Section 2. We note that due to uncertainty in our absolute flux calibration, the lowest photometric mass accretion rates may be consistent with the absence of accretion.
ANALYSIS
In this study we wish to examine the equivalent width (EW) and velocity structure of outflow and accretion-tracing emission lines from the TWA 3A binary. Both of these measurements are complicated by the presence of the triple companion, TWA 3B. EW measurements of emission lines originating from TWA 3A are made with respect to the local continuum, to which the triple companion has a significant contribution. Direct measurements of emission line EWs from the spectra correspond to lower limits on the true TWA 3A line strengths. All three stars are also chromospherically active, with low-level emission in many of the emission lines that are used to trace accretion. To accurately determine the emission and velocity components that are strictly due to accretion, we require a measure of each star's photospheric and chromospheric contribution to a given line's shape. Complicating matters further, the relative contribution of TWA 3B is variable due to the specific seeing and pointing of each epoch. In the following subsections we describe how the relative contribution of each star is determined for each epoch with spectral line broadening functions and how these measurements enable the construction of accretion-free stellar templates, the measurement of veiling, and the correction of EW measurements.
Spectral-Line Broadening Functions
To decompose the relative contributions of each stellar component, we compute spectral-line broadening functions (Rucinski 1992) . Broadening functions are the result of a linear inversion of an observed spectrum with a zerovelocity template. Our implementation performs the inversion with singular-value decomposition following Rucinski (1999) . The raw broadening function represents the function that would need to be convolved with the template in order to reproduce the observed spectrum. For instance, a simple radial-velocity shift with an otherwise perfectly matched template spectrum would result in a delta function at the shifted velocity.
In practice, the raw broadening function is dominated by noise from uncertainty in the observed spectrum (and template spectrum if using an empirical template), and from template mismatch. And indeed, elements of the raw broadening function are not independent on scales smaller than the instrumental velocity resolution. Additionally, when convolved with a Gaussian corresponding to the template's line profile, the smoothed broadening function (hereafter BF) has the advantageous property of representing the average photospheric line profile of the observed spectrum. This makes the BF ideal for measuring the RV and vsini of a source, and detecting velocity-resolved surface brightness features (i.e. Doppler tomography). In the case of a triple-lined system, which we examine here, the BF will have three peaks, one at each star's velocity ( Figure 2 ). While similar to a crosscorrelation function, the stable BF baseline allows for a robust measure of the relative contribution (flux ratio) of each component from the integral of each BF component. (The BF code from this study is publicly available; Tofflemire 2019 2 .)
One limitation of the BF in this application is that a single template is used to represent multiple stars that may have different spectral features. While other spectral decomposition methods exist that allow for component-specific templates (TODCOR, Zucker & Mazeh 1994; TRICOR, Zucker et al. 1995) , BFs provide the most straightforward and flexible means to determine component flux ratios.
In Appendix B, we explore the recovery of input flux ratios from synthetic spectroscopic binaries for different templates of varying temperature (this issue is also discussed in 2 https://github.com/tofflemire/saphires Lu et al. 2001) . In short, we find that the component flux ratio is recovered most readily by the template that provides the best radial-velocity precision for the primary star, determined from order-to-order measurement stability. Fortunately, this issue is somewhat mitigated by the small range in spectral types of the TWA 3 components (M3.0-M4.5; Kellogg et al. 2017) .
With RV precision as our metric for template selection, we compute BFs using the library of empirical, high-spectralresolution spectra of non-accreting, weak-lined T Tauri stars from Manara et al. (2013 Manara et al. ( , 2017 ) (X-SHOOTER VIS arm; 5000-10500Å, R ∼20,000) 3,4 . Empirical templates provide a better match to the observed spectra and produce BFs with less noise when compared to synthetic templates. We find that the TWA 9B (M3.5; Herczeg & Hillenbrand 2014) spectrum provides the best radial-velocity precision and is selected as our template for spectral decomposition. The RV of the TWA 9B template is 10.9±0.9km s −1 , determined from a BF analysis using a 3600 K, PHOENIX template spectra (Husser et al. 2013 ). This measured RV is used to shift the empirical template to zero velocity.
With a template selected, we compute the BF for 22 continuum normalized wavelength regions of the SALT-HRS red arm. Regions are selected from our stitched spectrum that are roughly 100Å in width, masking wavelengths with emission lines and strong telluric absorption. For each region, three Gaussian profiles are then fit to the BF. After applying a 3sigma clipping algorithm, the mean and standard deviation of these fits across spectral orders are used to measure the radial velocities and relative flux contributions of each component when well separated. For our purposes, "well separated" corresponds to cleanly separated BF peaks, which in practice is a separation of approximately the half-width at half maximum of the BF peak, or ∼10 km s −1 . While a more sophisticated profile fitting schemes may enable the decomposition of more epochs, we are ultimately limited by pointing and seeing-dependent contributions of the triple companion, for which there is no constraining information (e.g., guider camera images). Given the orbital phases of our observations, though, many of our epochs are easily decomposed (5 for SALT-HRS and 4 for FEROS), providing a representative sample of tertiary flux ratios. The average relative contribution of TWA 3B is used when correct observed EW measurements below (Section 4.4).
Epoch-Specific Template Construction
For each observation, we use the results of the BF analysis to construct an accretion-free template of the system that accounts for the variable contributions of the triple compan-ion. Each template is constructed by adding RV-shifted versions of the original TWA 9B template (informed by the RV of BF fit peaks), which are scaled by each component's flux ratio (informed by the ratio of BF fit integrals). By scaling the three template contributions by the relative flux ratio of the TWA 3 components, the constructed template is unaffected by accretion veiling that may be present in the observed spectrum. The presence of veiling would act to dilute all three components equally, preserving their relative contribution. As the template only contain photospheric and chromospheric emission, it can be used to isolate the emission and velocity structure of accretion-tracing lines, and measure veiling.
This template construction method is flexible and computationally simple, making it ideal for this application where a unique template is required for each observation. The price of this functional ease is that two assumptions are made about the system. First, that all three stars can be adequately described by the TWA 9B template, and second, that all three stars have chromospheric emission that is constant and well described by the TWA 9B template. These assumptions are likely not problematic for TWA 3. As noted above, the three components span a small range in spectral type, and in the absence of a stellar flare, which would produce additional spectral signatures, chromospheric emission is expected to be relatively constant, to within ∼20% in EW (Flores Soriano et al. 2015) .
To assess the match in chromospheric emission between the model and spectra quantitatively, we measure the EW of He I 5876Å in the TWA 9B template spectrum and in a spatially resolved, lower-resolution, X-SHOOTER spectrum of TWA 3B (R ∼11,000, Venuti et al. 2019) . For reference, He I 5876Å is the only emission line where these templates are used to isolate accretion emission in our analysis. We find an EW of -0.20±0.05Å in the TWA 9B template, which is in excellent agreement with the TWA 3B measurement, -0.22±0.02Å (Section 4.4).
Measurement of Accretion Veiling
Accreting stars are known to exhibit veiling -an additive continuum contribution that lowers the depth of photospheric absorption lines relative to the normalized continuum. In order to recover the intrinsic EW variability of accretiontracing emission lines, the level of veiling must be determined for each epoch. The veiling continuum has been modeled as the combination of hydrogen recombination (Balmer and Paschen continuum), H − continuum, and thermal emission, originating at the base of accretion columns (e.g., Calvet & Hartmann 1992; Calvet & Gullbring 1998; Fischer et al. 2011) . While the detailed spectral shape of the veiling continuum is likely to depend on the properties of the accretion flow, within the spectral rage considered here, 5500-8700Å, Herczeg & Hillenbrand (2014) find the veiling spectrum is consistent with a flat spectrum, which we adopt.
For each epoch, we measure veiling, V acc = f acc /f phot , by performing a least squares fit of each observation with its epoch-specific, accretion-free template. In this case, f phot corresponds to the combined continuum flux of all three stellar components. SALT and FEROS spectra are convolved with a Gaussian to lower their spectral resolution to match that of the TWA 9B template. Measurements are made in 7 regions of the spectrum from 6000 to 8700Å that contain deep absorption features and smooth, well defined continua. The mean and standard error from these seven regions are presented in Tables 2 and 3 .
Equivalent Width Measurement and Correction
For emission lines of interest we measure EWs by numerically integrating (1 − F λ /F 0 ) for line profiles above a locally determined continuum flux level. Due to the limited track lengths and integration times of SALT observations, our HRS spectra do not consistently obtain detectable photospheric continuum levels at the shortest wavelengths of the blue arm. For this reason, we do not compute EWs for lines blueward of Hβ. For FEROS spectra we only measure Hα and He I 5876Å lines for the same reason.
In the case of [O I] 6300Å, we remove the terrestrial emission component by fitting a Gaussian and linear slope model to a narrow wavelength region centered at zero heliocentric velocity. In practice, for nights with high sky emission, a two component Gaussian is required to account for the combination of adjacent spectral orders with slightly different resolution elements (see Section 3.1.1 and Appendix A).
EW uncertainties are determined with a Monte Carlo (MC) approach. Gaussian noise at the level of adjacent continuum regions is added to the spectrum and the EW is recomputed for 10 3 iterations. Measurement errors are determined from the standard deviation of these simulations. EW uncertainties may be underestimated for spectral lines in the red arm (λ > 5500Å) due to a pixel-to-pixel covariance that is introduced in the image transformations described in Section 3.1.1 and Appendix A. However, the derived uncertainties do not differ greatly between red-and blue-arm measurements (e.g., Hα and Hβ). It may be the case that low-level spectroscopic features in the adjacent "pseudo-continuum" regions are a non-negligible source of the deviation we use in our MC procedure.
The EW measurements described above represent the TWA 3 "combined" EW, with contributions from three stellar components and the effect of veiling. Correcting for veiling is straight forward, but isolating the contribution from TWA 3A requires knowledge of TWA 3B's relative continuum contribution and intrinsic line shape in the wavelength regions over which the combined EW is computed. Sec-tion 4.1 describes how BFs are used to determine the relative flux contribution of each component when their radial velocities are well separated. We are not able to make this measurement at every epoch, so we adopt the average contribution of TWA 3B, and its standard deviation, as a representative value and uncertainty (measured from 5 SALT-HRS epochs and 4 FEROS epochs). For emission lines that originate in the accreting binary, the tertiary's continuum flux acts as an additional source of veiling, which we define as
The combination of the triple and accretion veiling produces an effective veiling,
The detailed EW correction for a given line depends on TWA 3B's spectral features. In the case of [O I] 6300Å, where the triple's spectrum is relatively featureless, we treat the triple as a flat veiling continuum (V 3B ) and correct for it with the following equation:
(1)
For accretion-tracing lines (Hα, Hβ, He I 5876Å), each star has a low-level chromospheric emission component. The EW measurements of accretion-tracing emission lines in single stars also contain this chromospheric component, so to make a direct comparison with previous studies, we correct the combined EW measurement for the triple's veiling continuum and its chromospheric contribution (leaving only the binary's accretion and chromospheric emission). We apply the same veiling continuum correction but then apply an additional term to remove the triple's chromospheric EW contribution. The explicit equation is as follows:
where i refers to different accretion tracing lines (Hα, Hβ, He I 5876Å), EW 3B Chro,i is the EW of TWA 3B's chromospheric emission for the corresponding accretion-tracing emission line. EW 3B Chro,i is determined from a spatially resolved spectrum of TWA 3B with the X-SHOOTER spectrograph on the VLT, provided as a reduced data product from the ESO Archive 5 , and also presented in Venuti et al. (2019) . We measure chromospheric EWs of -4.73±0.09Å, -4.80±0.04Å, and -0.22±0.02Å, for Hα, Hβ, and He I 5876Å, respectively. (The spectral resolution of this observation, R ∼ 11,000, is too low to be used as our BF template.) Here we have assumed that the chromospheric contribution from TWA 3B is constant, which is generally true within ∼<20% for magnetically active stars (Flores Soriano et al. 2015) , and much smaller than the accretion variability observed (see Section 5.2). The corrected EW measurements are presented in Tables 2 and 3 Radial Velocity (km s −1 ) Figure 3 . Radial-velocity measurements of the three TWA 3 stars from 5 SALT-HRS epochs where all three components are widely separated in velocity. Blue, red and green points mark the primary (TWA 3Aa), secondary (TWA 3Ab), and tertiary (TWA 3B), respectively. The γ velocity (dotted line), orbital solution (dashed lines), and green band, representing the standard deviation of CfA RV measurements of TWA 3B, are from Kellogg et al. (2017) .
RESULTS
In this section we begin by presenting the results of our spectral decomposition, including RV measurements, component flux ratios, and veiling measurements. We then present EW measurements for select lines, followed by an analysis of the velocity structures of emission lines.
Spectral Decomposition
The BF analysis described in Section 4.1 provides the radial velocity and flux ratio of all three stellar components, when they are adequately separated in velocity. Figure 2 presents the BF for one epoch with well-separated components. The velocity structure of a deep, isolated photospheric absorption line, Ti I 8683, is also included to demonstrate the BFs representation as the average absorption line profile. The RV measurements of 5 SALT-HRS epochs with large velocity separations are presented in Figure 3 . These mea-surements are in excellent agreement with the over plotted orbital solution from Kellogg et al. (2017) . Figure 4 displays the TWA 3A binary flux ratio for wellseparated observations in grey points as a function of the region's central wavelength. Blue points and their error bars represent the median and standard deviations of individual measurements. A wavelength dependence of the TWA 3A binary flux ratio can be seen, which is consistent with the secondary having a lower temperature. The solid lines overlay the flux ratio of synthetic templates (log(g) = 4.5; Baraffe et al. 2015) , scaled by the radius of each component. At H-band wavelengths, this model predicts a larger flux ratio than what was measured in by Kellogg et al. (2017) from Hband Keck-NIRSPEC spectra using TODCOR (black circle). The discrepancy between these measurements is likely due to systematic offsets between methods and the templates used. This discrepancy aside, both results support a small difference in the temperature of the binary components ( 200 K).
Turning to the triple-to-binary flux ratio, we find the contribution from TWA 3B is significant ( Figure 2 ) and variable. On average it contributes 33% of the SALT-HRS red arm flux with a standard deviation of 8%, corresponding to V 3B =0.52±0.19. It is only for these 5 measurements that we are able to make robust measurements of all three components but we assume they are representative of all 15 spectra. Following the same procedure from 4 of the 9 FEROS observations, the TWA 3B contribution is 0.51±0.11 (V 3B =1.12±0.43).
Constructing an accretion-free template for each epoch (see Section 4.2), we test for the presence of spectral line veiling (method described in Section 4.3). We detect veiling at each epoch and find it is well-correlated with the photometrically determined mass accretion rate, as presented in Figure 5 . observations, respectively. Note that the large error bars on high EW FEROS measurements result from a large uncertainty on the contribution of TWA 3B that scales with the measured EW; these measurements do not have a higher relative uncertainty than the lower EW measurements. Seen most prominently in Hα, the increase in EW near periastron confirms the presence of enhanced accretion events previously observed with photometry in Tofflemire et al. (2017b) . This behavior is also present in Figure 7 where the Hα and He I 5876Å EWs are plotted against the photometrically derived mass-accretion rate. (Mass-accretion rate is interpolated from adjacent LCO observations.) Some degree of scatter in this figure is due to the non-simultaneity of the spectral and photometric measurements.
Equivalent-Width Variability
During quiescence, the Hα EW hovers between ∼ −10 and −20Å. For M3-4 spectral types (similar to TWA 3A), Fang et al. (2009) define an Hα EW of −15Å as the boundary between classical and weak-lined T Tauri stars (WTTSs), meant to separate accreting and non-accreting systems. This supports the very low veiling and accretion rates measured outside of periastron. While a similar CTTS-WTTS boundary does not exist explicitly in the literature for He I 5876Å EWs, Manara et al. (2013) find an average EW of -0.6Å for WTTS with M3 and M4 spectral types, signaling a consistent behavior for both He I and Hα. For reference, the EW of Hα and He I in the TWA 9B template fall below both of these CTTS-WTTS boundaries.
Though not presented graphically, we also measure the EWs of [O I] 6300Å. [O I] is typically assumed to probe diffuse outflowing material in disk or accretion driven winds (Hartigan et al. 1995) . After correcting for veiling the TWA 3B continuum, we find the EW is consistent with being constant across our measurements (χ 2 ν =0.8) with an average EW of -0.48±0.10Å. [O I] is discussed further in Section 5.3.3 below where its velocity profiles are presented.
Spectral-Line Velocity Structures
To examine the kinematic structure of accretion-and outflow-tracing spectral lines, the following subsections present the radial-velocity profiles of select spectral features in the TWA 3A binary center-of-mass rest frame. Figures 8,  9 , 10, and 11 present continuum normalized spectral lines in the following format: spectra are ordered from bottom to top by increasing orbital phase, which is presented to the left or right of each curve. The line color and parenthetical in each label displays the orbital cycle in which the observation was made. For each spectrum the primary and secondary stellar radial velocity is presented as a vertical blue and red line, respectively. Continuum normalization has been performed locally for each line. For brevity, we only discuss H Balmer lines, He I 5876Å, and [O I] 6300Å in the following subsections but include figures and brief descriptions of Ca II H and K and He I 4471Å in Appendix C. Figure 8 presents the velocity structure of Hα, Hβ, Hγ, Hδ, and H . Inspection of the Hα and Hβ panels reveals strong increases in their emission strengths near periastron, mirroring the EW behavior in Figure 6 above, as expected. The velocity widths and complexity of line structure are also seen to increase with accretion rate, similar to that seen in DQ Tau accretion bursts . Near apastron (spectra in middle of figure) emission is relatively narrow and stable, and is likely to be dominated by chromospheric emission (e.g., Houdebine et al. 2012 ). The consistent "notch" feature in the red wing of Hα near ∼50 km s −1 is a terrestrial absorption feature.
H Balmer Series
The following panels present Hδ, Hγ, and H . Here we again find narrow emission near apastron that becomes broader near periastron (top and bottom). Emission is mostly centered and symmetric with exceptions at φ=0.10, 0.12, and 0.92 where there are asymmetries that skew toward the primary stellar velocity. We note that low levels of the stellar continua at these wavelengths are below our sky/background detection limit. Thus the spectra in these panels are normalized to the sky/background noise level. This makes the relative amplitude of lines dependent on the conditions of individual observations (e.g., atmospheric transparency) rather than their intrinsic strength with respect to the continuum. Figure 9 presents the Hα emission from archival FEROS spectra. These spectra span ∼15 orbital periods that predate our SALT-HRS observations by ∼150 orbital cycles. These data allow us to comment on the longevity of observed trends while increasing the phase coverage and number of periastron accretion outbursts observed. In these epochs the same trends hold, with the EWs, velocity widths, and line structure increasing near periastron passage.
He I 5876Å
He I 5876Å is an accretion-tracing emission line that is assumed to trace the base of accretion shocks (e.g., Johns-Krull & Basri 1997). It is unique among most accretion-tracing emission lines in that it has a relatively narrow profile and suffers less from self-absorption and the optical depth effects that complicate the analysis of Hα, (for instance, Muzerolle et al. 1998; Dahm 2008; Alencar et al. 2012 ). In the left panels of Figures 10 and 11 we present the observed velocity profiles of He I 5876Å from the SALT-HRS and FEROS spectra, respectively. In these spectra we find similar trends to those seen in Hα where emission strength, velocity width, and velocity structure increase near periastron passage. Many epochs also show a double peak or multi-component morphology. The comparison between SALT-HRS and FEROS observations also shows a consistent phase-dependent behavior separated by ∼150 orbital periods.
Strikingly, in many of the highest EW observations, the dominant component of emission is centered on the primary's stellar velocity. The observations at φ=0.92 (Figure 10) and φ=0.98 (Figure 11 ) are the most dramatic examples. The same qualitative behavior can be seen in the Ca II H and K and He I 4471Å emission line profiles included in Appendix C (Figure 16 ). (As discussed in Section 3.1 and Appendix C, these lines are excluded from our current analysis due to low signal in the line's emission or in the surrounding continuum.) The same behavior is not seen in Hα profiles, which we attribute to complex radiative transfer through intervening accretion columns (Muzerolle et al. 2001; Thanathibodee et al. 2019 ) and/or outflows (e.g., Dupree et al. 2012 (166) H β -4861 Å Figure 8 . Velocity structure of continuum-normalized Balmer emission lines Hα and Hβ from SALT-HRS observations. Velocities are presented with respect to the TWA 3A center-of-mass velocity (also marked with a dashed line). Spectra are ordered from bottom to top by increasing orbital phase, which is labeled adjacent to each spectrum. The line color marks the orbital cycle of the observation, which is listed in the label parenthetical. Vertical dashes associated with each spectrum mark the velocities of the primary and secondary stars in blue and red, respectively. (14) φ=0.60 (0) φ=0.64 (2) φ=0.95 (10) φ=0.98 (10) H α -6563 Å (FEROS) Figure 9 . Velocity structure of Hα from archival FEROS observations. (Figure has the same layout as Figure 8 , see a full description there.) structure more than the RVs of the stellar components. The difference between Hα and He I can be seen most clearly comparing the φ=0.98 epoch in Figures 9 and 11 . With a low-optical depth line like He I 5876Å, we have the prospect of decomposing the flux, and hence, accretion rate onto each star. We focus the rest of this section on the determining the contribution of each star's accretion and chromospheric emission to the observed He I line profile.
He I emission from TWA 3A is weak, and has the potential to be contaminated by chromospheric emission. To isolate the emission from accretion processes we remove the chromospheric emission by subtracting a continuum-normalized, epoch-specific template (see Section 4.2). Each template is veiled to match it's given epoch, and is represented by the black dotted line in the left panels of Figures 10 and 11 . The right panels of these figures present the subtracted spectrum, which only includes emission from accretion processes (given our assumptions above).
In the right panels of Figures 10 and 11 we find that near apastron (middle spectra), much of the He I emission can be represented by chromospheric emission, signifying little ongoing accretion outside of the discrete bursts. This agrees qualitatively with the narrow, double-peaked Hα profiles at the same orbital phases (Figure 8) .
Near periastron, we find that He I emission strength continues to favor the primary stellar velocity in these subtracted spectra. The line profile also skews toward positive radial velocities, particularly at high-emission epochs (Figure 10 , φ=0.92; Figure 11 , φ=0.01,0.98), which is common in single CTTS (e.g., Alencar et al. 2018) .
To assign He I flux, and therefore a relative accretion rate, to each star, we develop a simple model to describe the "ownership" of emission to each star as a function of radial velocity. We begin by fitting a skewed Gaussian profile to three chromosphere-subtracted spectra with high emission strengths that either cleanly originate from one star (HRS -φ=0.92; FEROS -φ=0.98) or come from an epoch where the stellar velocities are overlapping (FEROS -φ=0.01). The skewed distribution has the following form:
where A is the profile amplitude, v is the RV, v 0 is the profile center, w is the profile width, α is the skewness parameter, and erf is the error function. The peak of a skewed Gaussian differs from v 0 , so we parameterize it as v 0 = v +v off , where v is the known stellar velocity and v off is the offset from the distribution's nominal center. The mean and standard deviation of these best-fit parameters comprise our "base model" for a single star. Specifically, w=30±4 km s −1 , v off =−10±2 km s −1 , and α=2.6±0.3. For each spectrum, this model is fit at each star's RV where the profile location, width, and skew-ness are only allowed to vary within 2σ of the base model, while the amplitude is left free. (Spectra with nearly overlapping RV are excluded from our analysis, i.e., orbital phases φ=0.5-0.6.)
We then determine the flux from each star by integrating the spectrum, weighted by the relative strength of each fit profile, i.e.
where f (v) is the accretion spectrum, and p 3Aa and p 3Ab are the best-fit, skewed Gaussian profiles for TWA 3Aa and TWA 3Ab, respectively. Uncertainties on these measurements are computed following the same procedure for our EW measurements (see Section 4.4). This flux assignment scheme is flexible in that it does not require the emission at each epoch to necessarily follow a skewed Gaussian, and is more physically motivated than simple separation of flux by velocity.
To convert the relative fluxes of the two stars to a relative accretion rate, we take advantage of the tight correlation that exists between the He I 5876Å luminosity and the accretion luminosity (Dahm 2008; Herczeg & Hillenbrand 2008; Fang et al. 2009; Alcalá et al. 2014) . Before directly interpreting the relative flux as a relative accretion rate, we account for the difference in stellar properties between the two stars. The mass accretion rate (Ṁ ), as determined by the accretion luminosity (L Acc ), has the following form:
where R in is the inner disk magnetospheric truncation radius, assumed to be ∼5R . Given the differences in the TWA 3Aa and TWA 3Ab stellar parameters, if both stars were to accrete at the same rate, the primary would produce more emission by a factor of (M ,1 R ,2 )/(M ,2 R ,1 ), or nearly 10%. As such, we scale the secondary flux measurement by this factor for a one-to-one comparison. Figure 12 presents the ratio of the primary flux to the total flux, as a function of orbital phase (top) and the photometrically derived mass-accretion rate (bottom). In nearly every case where a meaningful flux decomposition can be made, the primary star dominates the accretion emission, independent of the orbital phase or total mass accretion rate. We interpret this result as evidence for a consistently higher level of accretion onto the primary star. We discuss the context and implication of this result in Section 6. He I -5876 Å (14) φ=0.60 (0) φ=0.64 (2) φ=0.95 (10) φ=0.98 (10)
He I -5876 Å (FEROS) Secondary flux values have been scaled to account for its lower mass and radius compared to the primary. In a vast majority of cases, the primary star accretes at a higher rate.
[O I] 6300Å
Forbidden oxygen emission is an important tracer of lowdensity gas in the outflows of young star-disk systems. In high accretion-rate systems [O I] emission can be split into a high-velocity component which is spatially extended and a low-velocity component whose emission is unresolved near the central star (Hartigan et al. 1995; Hirth et al. 1997) . It is generally accepted that the high-velocity components trace accretion-powered jet or micro-jet processes (Ray et al. 2007 ), while the low-velocity components trace a photoevaporative (Ercolano & Owen 2010 or magnetocentrifugal disk wind (e.g., Bai et al. 2016) . More recent studies of [O I] at high spectral resolution find the lowvelocity component can be further divided in to broad and narrow components whose kinematic behavior are most consistent with the MHD disk wind scenario (Simon et al. 2016; Fang et al. 2018; McGinnis et al. 2018; Banzatti et al. 2019) . In this interpretation, the broad component traces MHD disk winds at small disk radii ( 0.5 AU), while the narrow components traces winds from more extended regions of the disk (>1 AU).
In Figure 13 we present the velocity profiles of [O I] 6300Å. We find stable emission from a low-velocity component that is invariant with changes in the stellar velocities and the mass accretion rate. Changes in profile amplitude result from variable continuum level from the triple companion (i.e., the corrected EW is constant across epochs). The average FWHM of these profiles is 54±4 km s −1 , in agreement with the single epoch analysed by Banzatti et al. (2019) . This kinematic behavior is typical of the low-velocity, narrow component, which Simon et al. (2016) find to be stable in single stars over decade timescales. The fact that only a low-velocity, narrow components is present in TWA 3A, which has likely carved out the central portion of its circumbinary disk at 0.3-0.5 AU scales, supports the interpretation that emission from this component originates at extended disk radii. The same [O I] characteristics, namely stable, low-velocity emission, are also observed in the shortperiod, T Tauri binaries DQ Tau and KH 15D (Huerta et al. 2005; Hamilton et al. 2003 ). 6. DISCUSSION
The Binary Pulsed-Accretion Scenario
Our analysis of the TWA 3A accretion-tracing emission lines reveals significant and consistent increases in the accretion rate near the binary periastron passage. The timing of these events is also consistent with more densely sampled, contemporaneous U -band photometry. With significant variation from orbit-to-orbit, we generally find very low accretion rates near apastron passage with accretion increasing near an orbital phase of ∼0.8, peaking near periastron, and quickly decaying by an orbital phase of ∼0.1.
These results are in good agreement with simulations of binary accretion and provide strong support for a scenario in which streams of circumbinary material periodically feed the central binary. While the specific timing and morphology of the events observed in TWA 3A do not agree in detail with currently available simulations of accretion streams in eccentric binaries, the clear presence of near-periastron accretion events is encouraging.
A key issue in comparing current accretion-stream simulations to a short-period system like TWA 3A is the impact of stellar magnetic fields, which are not currently included in simulations. With a periastron separation of ∼20R , the TWA 3A binary orbit should dynamically truncate the outer extent of a circumstellar disk at ∼0.2a, or ∼8R (the periastron extent of the Roche lobe ; Eggleton 1983; Miranda & Lai 2015) . This is similar to the inner magnetic truncation radius of circumstellar disks typically adopted for single stars (∼5R ). The combination likely dramatically alters, if not entirely precludes, the existence of circumstellar disks in TWA 3A.
The presence or absence of stable circumstellar disk material (i.e., in bound Keplerian orbits) may fundamentally change the physical mechanisms which drive near-periastron accretion events. With a steady reservoir of circumstellar material periodically replenished by accretion streams, recent simulations suggest that accretion bursts are triggered by tidal torques that each star induces on its companion's disk (Muñoz & Lai 2016) . Without circumstellar disks, accretion events depend on the delivery of circumbinary material di-rectly to the stellar surface, or in practice a defined accretion radius (Artymowicz & Lubow 1996) . The simulation of both scenarios, however, produce similar predictions for the timing of accretion events.
In actual PMS-binaries, accretion in the disk-less scenario is likely to depend sensitively on each star's detailed magnetic field strength and structure. The interaction of incoming stream material with stellar magnetic fields may determine the radius at which material is captured, and how it eventually reaches the stellar surface. This behavior could be different for each star.
While stable circumstellar disks seems unlikely in the TWA 3A system, our observations cannot explicitly rule them out. As our spectroscopic and photometric measurements trace material at the foot points of accretion flows, they do not describe the delivery of that material. The very low accretion rates near apastron are also consistent with both scenarios and do not provide a distinguishing lever. Observations directly probing the presence of circumstellar disks will be required for a definitive conclusion.
Preferential Accretion onto the TWA 3A Primary
From our analysis of the He I 5876Å velocity structure, we are able to conclude that the primary star of TWA 3A is consistently accreting at a higher rate than its binary companion during the epochs we have probed. We interpret this behavior as the result of circumbinary accretion flows that preferentially feed TWA 3Aa over its lower mass companion, TWA 3Ab. This conclusion is irrespective of the possible accretion scenarios discussed in Section 6.1, and places a strong observational constraint on the binary accretion-stream theory. As far as we are aware, this is the first observation of the relative accretion rates between the components of a PMS spectroscopic binary and is the first measurement of relative accretion rates in any binary that span multiple dynamical timescales.
This result becomes more significant in the light of a large body of theoretical work that consistently predicts that the secondary should be the dominant recipient of circumbinary accretion flows (Hayasaki et al. 2007 (Hayasaki et al. , 2013 Cuadra et al. 2009; Roedig et al. 2011; Farris et al. 2014; . Secondaries are expected to dominate the mass accretion budget most at low mass ratios, with the relative accretion rate between the components approaching unity as does the mass ratio. These works have focused mainly on black-hole binary systems but should, in principle, describe the same physical processes present in PMS binaries. The physical interpretation of these simulations is that inner circumbinary disk material will have a specific angular momentum that is closer to that of the secondary than the primary, requiring less angular momentum loss in order to be accreted. Framed in another way, the secondary is always closer to the circumbinary disk allowing it to more easily collect material from an accretion stream.
The degree to which the secondary accretes over the primary has been shown to depend on the disk "temperature", described as the ratio of the gas sound speed to the stellar orbital speed, c = c s / G(M 1 + M 2 )/a. For the range of disk temperatures simulated, c=0.05-0.25, find the hottest simulations approached a balance between the primary and secondary accretion rates, but were unable to consistently make the primary the dominant accretor in the system. Protoplanetry disks around low-mass stars will have disk temperatures near c∼0.05 . For TWA 3A's mass ratio and a c=0.05 disk, these simulations would predict the primary should receive ∼40% of the total accreted mass. On average, we find the TWA 3A primary accretes ∼70% of the total mass.
The only recent simulations that have shown the possibility for primary dominated accretion are those of Dunhill et al. (2015) and Muñoz & Lai (2016) . These work stands out among those listed above by simulating thousands of binary orbital periods, thereby reaching dynamical relaxation in the circumbinary disk out to ∼10a. Once relaxed, individual accretion rate variability is tracked over many hundreds of binary orbital periods. This is in contrast to most modeling efforts that typically simulate the binary disk interaction for a few hundred orbital periods and track accretion rates for a few tens of orbits. Due to computational limitations most models are not able to capture secular variability.
In the case of an eccentric (e=0.5), equal-mass binary, Muñoz & Lai (2016) find that the dominant recipient of circumbinary accretion flows alternates between the binary components on timescales of hundreds of binary orbital periods. The driver of this behavior is the precession of an eccentric inner circumbinary disk cavity. This eccentricity naturally arises from the binary's non-axisymmetric potential. As this eccentric gap experiences apsidal precession, its orientation brings one star's apastron passage closer to the circumbinary disk than the other, inducing a larger accretion stream, and corresponding accretion burst compared to its companion. At any given time, one star may accrete 10-20 times more than its companion, but over many precession times, the integrated mass accreted by each component approaches unity. Although this result is for an equal-mass binary, the behavior should also take place to some degree at lower mass ratios. Dunhill et al. (2015) find a similar result with simulations tailored to the Herbig Ae binary system HD 104237 (DX Cha), which has an eccentricity of e=0.6 and a mass ratio of q=0.64.
We note that some efforts to simulate specific T Tauri binary systems have found preferential accretion onto one component of an equal mass system (DQ Tau; de Val-Borro et al. 2011) , and preferential accretion onto the primary (rather than secondary) component under certain orbital parameters (GG Tau; Günther & Kley 2002) . These specific results should be interpreted with caution, however, as they only simulate a small number of binary orbital periods. As a result, these studies may be depicting behavior that is transient in nature.
If the precession of an inner circumbinary disk gap is indeed the source of our observed preferential accretion onto the TWA 3A primary, we should expect this behavior to reverse on half of the gap-precession timescale. For a pressureless particle disk, the precession rate around an eccentric binary is:ω
where Ω is angular frequency of the binary, and a d is the inner edge of the circumbinary disk (Muñoz & Lai 2016) . Assuming the dominant accretor flips after 180 • of precession, the accretion flipping timescale then becomes T flip π/ω d . Because this function has a steep dependence on a d , a massweighted inner circumbinary disk radius is likely to provide the most representative value. Miranda et al. (2017) find this value to vary from 3-10a depending on the orbital configuration. For TWA 3A's orbital parameters, this corresponds to 80-5000 orbital periods for a d values of 3 and 10, respectively. Recent work by Lee et al. (2019) , however, has suggested that the precession of disk eccentricities is more dependent on the disk pressure profile and self gravity than the binary mass ratio and cavity size. And finally, Dunhill et al. (2015) measure an empirical T flip value of 350 orbital periods in their HD 104237 tailored simulation. With only two sets of observations spanning ∼150 orbital periods and no clear prediction for the inner-disk precession timescale, we have limited leverage to constrain the predicted accretion-flipping behavior. Continued observations of TWA 3A will be required to make a stronger statement about the validity of the circumbinary gap-precession scenario. Additionally, if the T flip timescale is indeed many thousands of orbital periods, conducting similar observations on a sample of accreting binaries may provide a population that is capable of addressing the questions above.
One last scenario we consider is the effect stellar magnetic fields have on the accretion process in short-period binaries. In the absence of stable circumstellar disks, dynamically driven flows from the circumbinary disk are likely to be mediated in some way by the magnetic fields before reaching the stellar surface. The details of this interaction will depend on the strength and configuration of the stellar magnetic field, which could be different for each component. If differences between the two stars affect the efficiency at which they capture or entrain incoming accretion flows, magnetic fields may play a comparable role to disk temperature and secular dy-namics in determining which star is the dominant accretor in a binary.
In a broader context, the results presented here have important implications for binary evolution. For instance, circumbinary accretion is often employed to explain the abundance of "stellar twins" (q > 0.95, Raghavan et al. 2010; Moe & Di Stefano 2017) , assuming accretion dominated by the secondary equalizes the mass ratio. Given the discussion above, however, we hesitate to draw any broad conclusions. It is unclear the degree to which the TWA 3A accretion behavior is representative of other T Tauri binaries or to protobinary systems where, due to higher disk masses and mass accretion rates, the largest change in the binary mass ratio is likely to take place. We advocate for continued examination of the above assumption and for future theoretical efforts to examine secular interaction between binaries and their disks and the effects of stellar magnetic fields.
SUMMARY
In this work we have monitored the T Tauri binary TWA 3A with time-series, high-spectral-resolution optical spectroscopy and time-series optical photometry to trace variability in the timing, amplitude, and kinematics of accretion events. The main results of our work are as follows:
1. Accretion-tracing emission lines Hα, Hβ, and He I 5876Å display increased EWs, line widths, and line structures near periastron passage, indicative of enhanced accretion. The timing of these events mirrors the behavior of spectroscopic veiling measurements, and the photometric accretion diagnostics presented in Tofflemire et al. (2017b) .
2. The strength and line shape of Hα outside of periastron appears to be dominated by chromospheric emission, suggesting very low accretion outside of these discrete periastron bursts.
3. The presence of orbital-phase-dependent accretion events, and specifically periastron accretion bursts, is in good agreement with simulations of eccentric binary accretion. Our results generally support a binary accretion scenario in which circumbinary accretion streams periodically feed the central binary.
4. The velocity profiles of narrow, accretion-tracing emission lines are consistently found to center on the radial velocity of the primary star in TWA 3A. We have focused our analysis most heavily on He I 5876Å, but note the same behavior is present to some degree in Hγ, Hδ, He I 4471Å, and Ca II H and K.
5.
To enable a detailed analysis of He I 5876Å emission, we develop a spectral decomposition scheme utilizing spectral line broadening functions to remove the contributions from the binary's triple companion, veiling, and the chromospheric components of all three stars. Left with emission from accretion alone, we separate the flux from both stars, finding the TWA 3A primary typically contributes ∼70% of the accretion emission (after correcting for the difference in their stellar parameters). These are the first measurements of their kind for a spectroscopic binary.
6. We interpret the primary-dominated He I 5876Å emission as evidence that circumbinary accretion streams are preferentially feeding the TWA 3A primary. This result is in conflict with the vast majority of numerical simulations of binary accretion that suggest the secondary should be the dominant accretor. The simulations of Muñoz & Lai (2016) , which are able to capture secular evolution, develop a precessing, eccentric inner disk cavity that allows for the dominant accretor to alternate between the primary and secondary on timescales of hundreds of orbital periods. If this is the case, future observations should find He I 5876Å emission to preferentially occur at the secondary's radial velocity near periastron passage. Software: The spectral-line broadening function code used in this project is available from https://github.com/ tofflemire/saphires (Tofflemire 2019) . This research has also utilized matplotlib (Hunter 2007) , scipy (Jones et al. 2001 Our scheme to correct this distortion exploits the fact that emission lines in a Th-Ar comparison spectra provide an image of the pseudo-slit at discrete wavelengths across the spectral order. By measuring the "ridge line" of many emission lines in a spectral order, we are able to map the tilt of the pseudo-slit as a function of the column pixels and row pixels within the spectral order. This mapping can then be used to transform, or "rectify" the pseudo-slit.
The correction of this distortion, as we have conceived it here, requires spectral orders that fall directly across pixel rows, with no curvature across the CCD. This is not case for raw HRS red arm images, nor is it for any echelle spectrograph. As such, we first rectify the spectral orders using a spectral flat with the IRAF, NOAO.longslit functions fitcoords and transform. (For reference, the spectral lines presented in top panels of Figure 14 are extracted from single pixel rows of the order rectified image.)
For each spectral order the center row is set as the zero-point about which pixel rows above and below are transformed to match. For each pixel row we record the location of emission line's peaks with a Gaussian fit. The column-pixel locations of these line peaks, x row , are then fit to the peak at the order center, x center , with the following expression:
x center = x row + Ay offset x row + By offset x 2 row + Cy offset ,
where y offset = y − y center , the number of pixel rows away from the order center. The best-fit values for A, B, and C then define the correction for a given row where Equation 8 is applied as a geometric coordinate transformation. In order to conserve flux during this process, we multiply the transformed flux values by the determinant of the transformation's Jacobian matrix. We find this preserves the flux values of each row to within 1%. The bottom panels of Figure 14 presents the pseudo-slit-rectified line profiles where the pseudo-slit is aligned with the pixel columns, signified by their overlapping profiles. This process reduces the size of the resolution element at all points across the order and increases the consistency across wavelength.
We note that the pseudo-slit image width increases for every pixel row with increasing pixel column. This can be seen as a wider distribution in the bottom right panel compared to the bottom left. This behavior is present prior to order rectification and is not introduced by it. The effect is minor, however, compared to the pseudo-slit tilt and we do not attempt to correct for it.
B. BROADENING FUNCTION TEMPLATE SELECTION
In order to develop a criterion for selecting the best template for our BF analysis, we perform an input-recovery analysis with synthetic spectroscopic binaries created from BT-Settl model spectra (Baraffe et al. 2015) . We create three synthetic binaries Flux Ratio Figure 15 . Input-recovery results for synthetic spectroscopic binaries made from BT-Settl model spectra (Baraffe et al. 2015) . Each group of three panels presents the measured RV offset from the input (±20 km s −1 ), the standard deviation in the RV measurement from order-to-order, and the measured flux ratio as a function of the BF template. Blue and red points are measurements for the primary and secondary, respectively. Error bars represent the standard deviation of measurements from order-to-order. Vertical blue and red lines mark the spectra used to make the synthetic binary. Horizontal dashed lines mark the input values.
with different temperature components, namely, 3600-3600 K (Figure 15 ; left), 3700-3500 K (Figure 15; right) , and 3800-3400 K (Figure 15 ; bottom). The primary (hotter) component is shifted to −20 km s −1 and the secondary is shifted to +20 km s −1 . The spectra are smoothed to a spectral resolution of R∼40,000 and noise is added to mimic a S/N of 50. Our analysis focuses on the wavelength range 5000-7000Å. We compute the BF for templates spanning temperatures 3900 to 3400 K, breaking up the spectra into 20, 100Å orders. Figure 15 , presents our measurements for each synthetic binary as a function of the BF templates. In each set of panels, the recovered RV, the RV uncertainty, and flux ratio are presented from top to bottom. Blue and red points mark the primary and secondary, respectively, and are slightly offset to the right and left to avoid overlapping points. Uncertainties in each measurement are determined from the standard deviation from order-to-order. The spectral templates used to create the synthetic binary are represented as vertical blue (primary) and red (secondary) lines, and horizontal dashed lines mark the RV and flux ratio input value.
We find that the measured RVs are always consistent with the input values within 1-σ, but errors are smallest for templates similar to the input primary. The template that produces the smallest uncertainty in the primary's RV also recovers the flux ratio within 1-σ. Given this result, we select templates from our empirical samples that produce the smallest uncertainty in the primary's RV.
C. ADDITIONAL SPECTRAL LINE VARIABILITY Figure 16 presents the center-of-mass velocity structure for three accretion-tracing emission lines, Ca II H and K, and He I 4471Å. The Ca II line are excluded from our main analysis due to low levels of stellar continua at these wavelengths (see Section 3.1), and the strong chromospheric component of these lines. He I 4471Å is also excluded due to its weak emission. All three lines are included in this appendix to highlight a similar behavior to He I 5876Å where the dominant component of emission is seen to follow the primary stellar velocity. (167) φ=0.66 (167) φ=0.72 (168) φ=0.78 (168) φ=0.80 (167) φ=0.89 (167) φ=0.92 (166) φ=0.97 (166) He I -4471Å Figure 16 . Velocity structure of Ca II H and K and He I 4471Å emission lines from SALT-HRS observations. Rising flux values at positive velocities in the Ca II H panel is the contribution of H . For Ca II H and K panels, the stellar continuum is not consistently detected at these wavelengths; normalization is with respect to the sky/detection background. Only lines shapes, not their amplitude, are comparable between these spectra. The gap at negative velocities in the He I 4471Å panel corresponds to a chip defect. (Figure has the same layout as Figure 8 , see a full description there.)
